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STRUCTURAL  C RARAC T2RISTICS  OF  VIRAL  HUCLEIC  ACIDS 


/.  Following  is  the  translation  of  an  article  by  F.  L. 
Kiselev,  Laboratory  of  biochemistry,  Instituto  of 
Virol v-jy  imoni  D.  I.  Ivanovskiy  Alai  USSR,  Moscow,  pub¬ 
lished  in  the  irussian-languugo  periodical  Voprosy 
'•  ra: .■■>;.> A -ii  ( frobioms  of  Virology)  11:4*12,  i960*  It 
Y.v.3  submitted  on  4  Fob  1965  *_7 


In  recent  years  considerable  successes  have  boon  achieved  in 
the  ctuay  of  the  caomictry  of  viral  nucleic  acids*  Thoro  was  special 
interest  in  clearing  up  the  conjectural  peculiarities  of  the  structure 
of  the  hereditary  substance  (DILI  or  RiiA)  of  the  virus  ad  an  intra¬ 
cellular  parasite.,  as  a  result  of  which  the  nucleic  acid  of  the  virus, 
when  it  penetrates  into  the  cell,  suppresses  the  function  of  h03t 
genome  and  causes  a  shift  of  cell  metabolism  to  the  side  of  individual 
components  of  virus  particles* 

The  minimum  volume  of  viral  suspension  necessary  for  a  physico¬ 
chemical  study  of  nucleic  acids  of  viruses  comprises  several  tens  of 
liters  with  a  particle  content  of  109  in  1  ml.  With  the  help  of 
methods  of  differential  centrifuging,  ion-exchange  chromatography, 
treatment  with  appropriate  enzymes,  and  a  number  of  other  methods 
it  is  possible  to  obtain  highly  purified  suspensions  of  viruses  which 
are  suitable  for  the  isolation  of  nucleic  acids* 

At  the  same  tine. -viral  nucleic  acids  have  a  number  of  adv’antagei 
over  tissue*  First  of  all-in  virusos  thore  is  no  diverso  nature  of 
nuclease,  which  makes  it  possible  to  obtain  preparations  of  nucleic 
acid  in  a  highly  native  state.  Moreover,  la tor  works  ,  dealing  with 
tho  organization  of  chromosomes  in  animal  tissues  /%7,  testify  that 
in  the  make-up  of  a  chromosome  thore  is  only  one  molecule  of  DNA, 
the  length  of  which  may  roach  several  millimeters  and  molecular 
weight  -  10’ s  of  billions*  It  is  natural  that  it  is  hardly  possible 
to  obtain  preparations  of  native  DNA  with  such  dimensions.  The 
molecular  weight  of  viral  nucleic  acids  does  not  exceed  120—150 
million,  and  if  a  .number  of  precautions  are  obsorved-;it  is  possible 
to  obtain  a  molecule  of  viral  nucleic  acid  with  the  minimum  amount 
of  damages* 

Tho  first  successes  in  tho  study  of  the  chemistry  of  viral 
nucleic  acids  were  connected  with  bacteriophages.  In  them  many  qual¬ 
itative  deviations  were  detected  in  the  composition  of  nucleic  acids* 
First  of  all  tho  DiiA  of  T-cvon  phages  contain  other  carbohydrates 
bosides  dooxyriboso :  glucose  and  gentiobioso  disaccharide,  and 
5-oxymetiiylcytosino  completely  ropiaccs  cytosine  /2-Sj7 •  At  present 
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15  paages^aro  Known,  the  DMA  of  v/hich  includes  5 - oxyne thy  1  cytosine, 
£3-10/ •  xi^uiio  mnxo-up  of  DMA  of  Bac.  sub tills  phages  5— oXoj-ve thyl — 
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are  confined  to  only  ens  thread  of  DMA.  Somewhat  unexpected  war;  the 
discovery  of  uracil,  an  India ponsablc  component  of  xtNA,  in  tn©  DnA 
of  transducing  phage  of  B*  cubtilis  PBS  2  /io7* 
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connected  with 
tho  nucleic  acids 


the  qualitative  deviations,  v/hich  most  probably  aro 
the  process  of  inversion  of  metabolism  in  the  cell. 


of  viruses  display  a  number  of  other  peculiarities* 


Ssybalski  £L€J  ,  having  established  the  unusually  high  thermo¬ 
stability  of  the  cHickonpox  virus,  expressed  the  assumption  that  the 
throads  of  the  double -helical  nucloic  acid  of  this  virus  are  bound' 
by  covalent  bonds.  Polynucleotide  chains  of  DMA  of  S?6  and  SP8  phages, 
obtainod  as  a  result  of  denaturing,  differ  in  their  specific  gravity, 
v/hich  is  connected  with  tho  significant  predominance  in  one  of  the 
threads  of  oithor  purino  or  pyrlmidlno  baa os  /Is-IT/*  Moreover, 
Strauss  domonstratod  that  tho  DMA  of  MS  2  phago  is  not  prooipitutod 
by  1  U  i-iaOl,  while  ordinary  fla&gie-ftolist  itiiA  is  ©r§oiPil»at§&  in  the 
,  salt  of  this  concentration 


Wq  will  nob  examine  tbos-j  viyal  lmaluis  aoida  v/hieh  y$pzQS§nb 
"ordinair/1  DHA  or  Pi; A,  cuoh  as  l»ho  'f-ovan  phago  DllA  oy  polio  virus 
RNA  for  example,  but  will  switch  to  an  analysis  of  those  viral 
nuoldio  Asicid,  ths  ateuefcui'tn  ef  whish  differs  netieeafely  frem  nowi* 


In  1350  Sinsheimer  and  Tossman  ^/Xo-227,  v:hilo  studying  the 


process  of  inactivation  of  phages  T4  andYX  174  v/hich  v/ore  tagged  with 

P5^,  detected  that  the  latter  is  inactivated  10  times  more  rapidly 
than  Tu*  Mutations  under  the  influence  of  nitrous  acid  in  the  YX174 


phage  dovelopea  only  in  pure  clones,  and  in  T4  phage  -  in  mixed  clones. 

Consequently  the  YXI74  phage  should  have  possessed  one  copy  of 
genetic  material,  i.e.,  its  DMA  should  be  single-holix*  The  fact 
that  this  is  actually  DMA,  and  not  single -chain  RMA,  v/as  confirmed 
by  the  fact  that  purii'ied  preparations  of  this  DMA  gave  a  positive 
reaction  to  dooxypeptose  and  v/ero  hydrolyzed  by  DMAse  and  not  RMAse. 

On  the  basis  of  what  v/as  said  above,  Sinshaimer  and  Tessman  proposed 
that  the  DMA  of  T’X'174  phage  is  single -helix.  Subsequently  thi3 
proposal  v/as  confirmed  ccmpletoly.  The  nucleotide  composition  of 
this  DMA  did  not  satisfy  the  rule  of  Chargaff ;  this  DMA  reacted  with 
formalin,  which  testified  to  tho  presence  in  it  of  free  amino  groups, 
while  in  ordinary  double -helix  DMA  the  amino  groups  aro  blocked. 
Absorption  in  ultraviolet  light  v/as  increased  gradually  in  a  v/ido 
range  of  temperatures  (from  20  to  60°),  while  in  ordinary  double -strand 
DMA  this  transition  takes  place  .in  a  narrow  temperature  rango*  The 
floating  density  of  DMA  of  the  YK  174  phage,  determined  by  tho  method 
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or  equilibrium  centrifuging  in  a  gradient  or  density,  turned  out  to 
to  equal  to  i.72  g/cm°,  while  the  density  of  ordinary  D1*IA  comprised 
1.70  g/ cr-*° •  decides  this,  absorption  of  the  solution  of  DNA  in 
ultraviolet  light  depended  on  ionic  strength  and  pH  of  the  solution. 
Thus  in  contrast  to  double -ho  lire,  single -helix  is  able  to  change  its 
form  c.  •  .ending  on  various  conditions  of  the  medium.  At  present  6 
bacteriophages  arc  already  known  which  contain  single-chain  DMA  /sj>7 < 


Subsequent  investigation  of  the  DMA  of  '/a 174  phage  revealed 
yet  another  peculiarity*  Fiore  and  Sinsheimor  /z£J  studied  the  offect 
of  oxonucloaao  on  the  DMA  of  VX174  phage.  It  turned  out  that  noithor 
phosphodiesterase  of  h.  coli,  nor  phosphodiesterase  of  vipor  venom, 
nor  phosphatase  hydrolysed  DMA  (in  tho  absenco  of  the  above-statod 
enzymes  of  DNAse).  Following  treatment  with  DMAs e  tho  preparation 
acquired  a  sensitivity  to  phosphodiesterase,  but  such  hydrolysis 
never  reached  the  end.  It  follows  from  this  that  the  DMA  of  ^X174 
pnage  does  nou  contain  o  « -  and  5* -hydroxyl,  and  also  terminal  phos¬ 
phate  groups 3  and,  in  addition  to  this,  within  the  DMA  molecule  there 
2.3  s one  eCCui on  Taiiou  is  resistant  to  phosphodiesterases.  In  pre¬ 
parations  of  Dili  from  Vl’174  phage  two  components  wore  revealed  with 
sedimentation  constants  of  15, IS  (Sn -component)  and  12, IS  (S2-coa- 
ponent)..  Infection  is  connected  oniy  with  the  S^-component.  Under 
the  influence  of  DMAs©  the  S^-component  is  con  vex*  ted  into  the 
Sg-ccmponsnt,  which  is  sensitive  to  phosphodiesterases.  On  the  basis 
of  the  results  obtained  Piers  and  Sinshoimer  cam©  to  the  conclusion 
that  native  DMA  of  VA'174  phage  represents  a  cyclic  closed  structure* 
its  ends  are  joined  by  some  bond,  the  nature  of  which  is  still  not 
clear  at  present.  This  makes  comprehensible  the  mechanism  of  action 
of  nucleases  on  this  DMA;  DIli.se,  which  possesses  a  non-specific 
action,  disrupts  tho  molecule  of  DNA  and  only  after  this  the  corres¬ 
ponding  phosphodiesterases  begin  hydrolysis  with  the  ond3  of  the 
molecule  and  move  forward  along  it  until  they  come  across  a  section 
with  a  more  stable  bond. 


Thus  the  nucleic  acid  of  YX174  bacteriophage  represents 
single-helix  cyclic  DNA. 


No  less  interesting  forms  of  DNA  are  the  double-helix  forms  of 
DNA  with  cyclic  structures.  They  wore  discovered  during  investiga¬ 
tion  of  tho  viruses  of  polyoma  /257  ana  Shoup  papilloma  Jjio,  2j£7* 
Dulbocco  /2Sjt  while  studying  tne  DNA  of  polyoma  virus,  detected 
two  forms  oT  nucleic  acid:  an  P-form  which  scttlod  rapidly  during 
ultracentrifuging  and  tho  slowly  settling  S-form. 

doth  whoso  forms  are  typical  double-helix  structures  with  the 
characteristic  intensity  of  hypor chromic  effect,  buoyant  density, 
and  high  temperature  of  melting  (around  100°) •  Dulbocco  considers 
that  the  S-form  represents  a  linear  polymer,  and  the  F-fora  -  a 
cyclic  structure.  Tho  author  cuggoots  that  the  linear  structure 
closes  into  cyclic  with  tho  help  of  a  special  “lock,”  which  is 
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C  U  pa  c  i  ty  ^  •  o  »  f  o.  x’ra  a  ‘u  ur 
but  in  some  othar 


polycna  virus,  -hoy  demonstrated  that  after  treatment  of  the  F-coiu- 


revealed  only  circular  structures .  She  authors  propose  that  the 
F -component  of  the  polyoma  virus  is  a  twisted  coil  mado  up  of  double- 
strand  threads •  Such  a  conformational  change  naturally  leads  to  tho 
formation  of  a  comparatively  donscly  packed  structure  with  higher 
sedimentation  characteristics*  The  S-component  is  an  ordinary  circular 
double -strand  molecule  without  any  sharp  bends ,  naturally  having  a 
lesser  value  of  sedimentation  constant  due  to  a  "looser"  structure* 


The  two-component  state  of  DKA  of  the  Shoup  papilloma  virus  was 
observed  earlier  by  Watson  /56>7j  however,  the  conclusion  concerning 
the  cyclic  nature  of  DKA  was  not  followed  then*  According  to  tho 
findings  of  Watson  the  DKA  which  is  isolated  from  this  virus  has  sod- 
imontation  constants  of  21S  and  28S.  Watson* s  findings  were  confirmed 
by  Crawford  ^577*  The  23S  component  turned  out  to  bo  cyclic,  and  the 
21S  -  linear  (in  the  author* s  opinion).*  The  circular  nature  of  DKA 
from  T2  phage  was  also  demonstrated  /297* 

Up  until  now  wo  have  examined  viruses  which  have  only  one  type 
of  nucleic  acid:  eilhor  double-helix  or  single-helix  DNA.  There  is 
considerable  interest  in  tho  report  by  Pfau  /30,  3l7COI1cerning  the 
simultaneous  prosecco  in  the  smallpox  vaccine  virus  of  double-  and 
single-helix  DKA*  Initially  Pfau  reported  that  with  the  help  of 
phenol  it  was  possible  to  isolate  a  preparation  of  DNA  which  mado  up 
15£  of  the  total  amount  of  viral  DKA  and  possessed  properties  which 
wore  characteristic  far*  single -helix  DKA*  Then  with  the  help  of 
2-mercaptoethanol  and  pronase  (proteolytic  enzyme  from  cells  of 
Streptomyces  griseus)  he  wo  able  to  achieve  the  complete  liberation 
of  DKA  from  ths  viral  particlo*  3y  gradient  centrifuging  of  such 
a  preparation  of  DKA  in  CsCl  it  was  dividod  into  two  zones*  One 
zone,  which  contained  12 of  all  tho  DKA,  had  a  specific  gravity  of 
1*724  g/cm°  and  represented  singlc-hslix  DKA,  which  in  the  first 
experiments  the  author  extracted  with  phenol*  The  second  zone,  which 
made  up  35-S6;»  of  the  material,  had  a  specific  gravity  of  1*706  g/cm° 
and  represented  typical  double -helix  DKA*  Upon  heating  the  first  type 
of  DKA  showed  a  gradual  increase  of  absorption  in  ultraviolet  light, 
and  the  second  typo  possessed  a  specific  melting  point  of  84°  •  The 
author  subjected  the  initial  preparation  of  smallpox  vaccine  virus  to 
fractionation  with  the  help  of  centrifuging  in  a  density  gradient  of 
calcium  tartrate*  It  turned  out  that  the  initial  preparation  contained 
two  types  of  viral  particles*  In  tho  heavier  particles  only  double- 
helix  DKA  was  found,  and  in  the  lighter  ones  -  double -helix  and 
single-holix;  tho  latter  comprised  40#* 


with 


oj.  j.  o_.reo.uc  tion  ana  exist  independent  of  each  othor  and  simultaneously* 
Yo^c  tho  smallpox  vaccine  virus  remains  a  puzzlo  for  virologists* 


* ho  greatest  interest,  particularly  for  biochemists,  was  caused 
by  the  detection  of  double -helix  JxlTA  in  rooviruses  /&2-z£/  and  in  the 
virus  of  wound  galls  of  plants  [&£/ •  Reoviruses  posso3s  a  number  of 
peculiarities  which  distinguish  titers  from  ordinary  RRA-containing 
viruses*  First  of  all  their  rate  of  multiplication  is  lower;  secondly, 
staining  of  particles  with  acridine  orange  causos  a  yellow-green 
fluorescence,  which  is  characteristic  for  DHA;  thirdly,  reproduction 
of  the  rcovirus  is  inhibited  by  actinomycin  D  -  an  antibiotic  which 
suppresses  the  synthesis  of  Ri-TA  or.  matrix  DHA.  The  reproduction  of 
ordinary  RHA-c ontaining  viruses  is  not  inhibited  by  this  antibiotic. 
Fourth,  infection  of  sensitive  colls  by  reoviruses  suppressed  the 
synthesis  of  host  D2.*A,  while  tho  synthesis  of  RHA  and  protein  con¬ 
tinues. 

Based  on  these  findings,  Gomatos  /b£j7  exprossod  the  assumption 
that  rcovirus  RHA  is  double-helix.  Subsequent  experimental  investi¬ 
gations  confirmed  this  assumption.  First  of  all  the  nucleotide  com¬ 
position  of  this  RHA  satisfies  tho  rule  of  Chargaff  for  double-helix 
21 A,  i.c.,  the  ratio  of  the  number  of  purines  and  pyrimidines  was 
cc_a~i  so  1.  The  RHA  of  reoviruses  is  resistant  to  pancreatic  RHAse. 
Tho  absorption  spectra  in  ultraviolet  light  does  not  depend  on  value 
of  ionic  strength,  pH,  and  tomporature  of  the  medium.  This  RHA  does 
not  re&ct_with  formaldehyde  and  has  a  strictly  specific  melting  point 
-  100° •  _ It  is  nocessary  to  note  that  DNA  with  the  same  percentage 
composition  of  guanine -cytosine  (40 y»)  melts  at  87°.  This  testifies 
to  the  fact  that  the  double  polyribonucleotide  chain  of  this  RHA  is 
extremely  stable.  Presumably  ouch  a  stability  i3  explained  by  the 
formation  of  a  hydrogen  bond  between  the  second  hydroxyl  of  ribose 
and  the  phosphate  inside  one  chain  £d&7 • 

Viral  RHA  from  wound  galls  of  plants  possesses  properties 
which  are  similar  with  tin)  RHA  of  roovirusos. 

Double-helix  RHA  displayed  still  another  interesting  property  - 
an  unusually  high  affinity  for  degradation.  During  oloctron  micro¬ 
scopic  investigations  of  tho  so  RHA 1  s ,  conducted  by  Kloinschinidt  and 
associates  and  Gomatos  and  Gtockeniuo  it  vms  not  pooaiblo 
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.  ....  ■  .  -  -  Cl  molecular  weight  creator  than 

*  ^-'-0  m:.xn  rasa  of  hNA  tio2.ccu2.ee  was  represented  by  fro."— 
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.  .olcculos  was  founa  iu  dependence  on  the  hydro dynamic  influences 
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viruses  the  pitch  of  the  helix  turned  cut  to  be  equal  to  50.5  2, 
number  of  fragments  per  turn  10,  distance  between  bases  5,05  °,  angle 
of  tilt  to  tho  axis  of  the  helix  10-15°,  angular  rotation  of  base 
55°.  For  DNA  in  the  A-oonf i guration  (at  72/a  relative  humidity)  thooo 
values  equal  correspondingly  23.1  £,  11,  2.5  £,  20°,  and  35°.  For 
D1TA  in  the  3-configuration  (92/i  relativo  humidity)  they  are  34.6  R, 
10,  3.4  a,  0°,  and  33°  respectively. 


From  the  point  of  view  of  studying  the  molecular  structure  of 
nucleic  acids  there  is  considerable  interest  in  the  group  of  myxo- 
viruses,  tho  most  complexly  organized  group  among  the  RiiA-c ont aining 
viruses • 


As  a  model  wo  used  the  parainfluenza  Sendai  virus.  The  sox^c- 
tion  of  this  virus  i3  explained  mainly  by  the  possibility  of  obtaining 
high  initial  titers  of  infectivity  (of  the  order  109-101D). 

Purification  and  concentration  of  virus  was  carried  out  by  a 
method  which  we  described  earlier  /bS/.  The  RNA  obtained  from  sus¬ 
pensions  which  were  purified  in  ouch  a  manner  produced  a  spectrum  of 
absorption  which  is  characteristic  for  nucleic  acids,  with  a  maximum 
at  258  ns.  In  media  of  various  ionic  strength  the  value  of  absorp¬ 
tion  of  Sendai  virus  RITA  does  not  depend  on  ionic  strength.  Wo 
recall  that  absorption  of  DNA  also  does  not  display  a  dependence  on 
ionic  strength,  which  is  connected  with  the  rigid  double-helix 
structure. 


An  investigation  of  tho  change  in  RNA  absorption  depending  on 
temperature  (molting  curve)  showed  that  up  to  approximately  85-90° 
absorption  does  not  change,  but  then  it  increases  sharply,  having  a 
maximum  at  102-104°.  Melting  temperature  of  DNA  is  fixed  and  is 
equal  to  approximately  85°  in  0.1  M  ilaCl. 

The  greatest  hyper chromic  of foot  for  RNA  of  Sondai  virus, 
obtained  by  means  of  heating  a  solution  with  2ft»  foxunalin  at  104°  for 
20  minutes,  equals  57ji,  for  roovirus  RNA  it  i3  more  than  50^,  for 
phage  DNA  -  50/i,  and  for  single -helix  RNA  it  does  not  exceed  2Q#. 
Heating  of  Sendai  virus  RNA  up  to  >90°  with  a  subsequent  rapid 
cooling  loads  to  tho  complete  restoration  of  absorption,  while  for 
DNA  such  an  offoct  is  not  observed  . 
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^ctudy  of  inn  kinetics  of  ths  reaction  of  Sendai  virus  RHA 
y/j-tn  l..i  Uiu  ;.ov.:ilca  lie  resistance  to  the  action  of  the  enzyme •  For 
RHA  of  tile  tobacco  s:o  ic  virus  the  hypo  re  hr  on!  c  effect  during  incu¬ 
bation  with  RAAso  in  the  same  concentration  reached  20?i  in  0.1  ivi 
kaCl,  uiva  for  Sendai  virus  RilA  it  was  absent*  Incubation  of  Sendai 
virus  AAA  with.  2>>  formalin  shov/od  the  resistance  of  that  EHA  to  the 
action  of  formalin.  In  those  tests  the  4-6/»  of  hyporchromi sn  is 
most  probably  connected  with  the  partial  degradation  of  material  in 
the  process  of  isolation.  At  the  present  time  this  problom  is  being 
cleared  up. 

The  data  cited  above  testify  that  the  RHA  of  the  Sendai  virus 
has  a  structure  which  is  similar  to  that  of  DHA,  i*o*,  double-helix* 
At  present  v;e  do  not  have  available  the  necessary  data  to  judge 
whother  this  helix  consists  of  two  independent  polynucleotide  chains 
or  one  which  is  twisted  around  itsolf ,  as  this  has  been  established 
for  T-EHA.  . 

As  is  known,  the  majority  of  ribonucleic  acids  investigated 
have  a  molecular  v/oigat  no  greater  than  2,000,000*  Exceptions  are 
certain  viral  EHA 1 s  (reovirus,  the  virus  of  wound  gall  of  plants, 
Rous  sarcoma  virus)  v;hich  have  a  molecular  wo ight  of  10,000,000* 
froof  of  the  double-holi::  nature  of  PA; A  of  the  first  two  viruses 
naturally  presumed  a  similar  structure  also  for  the  RHA  of  the  Rous 
sarcoma  virus*  However,  Robinson  and  associates  refuted  these 

proposals*  The  sedimentation  constant  for  RHA  of  tnis  virus  turned 
out  to  bo  equal  to  023,  i.e*,  doubled  the  S2q,  V7  for  RHA  of  the 
tobacco  mosaic  virus.  The  nucleotide  composition  of  sarcoma  virus 
RHA  ic  typical  for  single-helix  RHA.  Its  thermal  denaturing  did  not 
caur.o  displacement  of  the  zone  of ^ RHA  in  the  density  gradient  CsCl# 
molecular  weight  comprised  9.5 *10°.  Until  now  single -helix  RHA  with 
such  a  high  molecular  weight  has  not  been  detected.  It  is  necessary 
to  note  that  two  RHA  of  the  Rous  sarcoma  virus  which  was  studied  did 
not  represent  a  pure  preparation,  since  the  Rous  virus  multiplies  in 
colls  only  in  the  presence  of  a  v iru3 -"as s is tant "  -  one  of  the 
viruses  caus  ihg  fowl  leucoses,  and  the  initial  preparation  of  RHA 
consisted  of  a  mixture  of  both  viruses.  At  present  it  is  difficult 
to  say  if  the  high  molecular  weight  of  RHA  i3  connected  with  this 
peculiarity  of  multiplication  of  RHA  or  if  some  other  properties 
determine  this  anomaly  of  RHA* 


There  is  no  doubt  that  the  subsequent  detailed  study  of  the 
structure  of  nucleic  acids  of  viruses  will  make  it  possible  to  reveal 
many  now  findings  in  this  area. 

In  the  process  of  development  of  a  virus  two  stages  aro  clearly 
distinguished:  the  virus  outside  of  the  cell  and  the  virus  in  the  cell. 
It  could  hardly  bo  assumed  that  it  v:as  possible  to  rovoal  any  differ¬ 
ences  in  the  structure  of  nucleic  acids  of  the  vegetative  and 
quiescent  virus* 
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quxcacon v  .  plr  .go  was  creator  than  D1IA  or  the  vegetative  virus*  Immed¬ 
iately  after  irfes sion  "heavy"  phugo  DBA  v:ao  converted  into 
and  this  ‘'light"  fora,  included  in  the  composition  of  newly  formed 
P^rticloo,  turned  out  to  bo  "heavy."  Both  forms  were  infectious.. 

The  "light"  intracellular  DBA  recoivcd  the  name  of  the  replication 
form. 

Hayashi  and  associates  FiS]  isolated  and  purified  this  repli¬ 
cation  form  by  msu  of  repeated  chromatography  on  columns  with 
methylated  albumin.  This  form  displayed  a  melting  curve  which  was 
typical  for  double -helix  DBA.  During  heating  the  came  hyper chromic 


that  this  was  in  actuality  double-helix  DBA,  and  not  a  DBA  -  RHA 
hybrid.,  by  the  fact  that  this  form  is  hydrolyzed  by  DliA3e  and  that 
do  polymerase  does  not  act  on  hybrid  forms.  Then  it  was  shown  that 
the  replication  form  possesses  a  cyclic  structure;  this  was  confirmed 
by  direct  electron-microscopic  investigation  ^43,  447* 

V.hilc  studying  the  multiplication  of  T2  phage,  Fraenkel 
detected  that  viral  DBA,  isolated  from  infected  cells,  differs  from 
ordinary  DBA  from  mature  virus  particles  •  If  one  were  to  judge 
from  the  results  of  centrifuging  in  a  dons it y  gradient,  then  both 
forms  have  a  double-helix  structure.  But  the  replication  form  dis¬ 
plays  a  greater  affinity  for  an  oxchanger;  in  a  density  gradient  of 
saccharose  it  is  precipitated  1. SI -1.55  times  more  rapidly •  The 
author  does  not  make  any  conclusions  regarding  these  peculiarities. 


Interesting  d  .ta  were  obtained  by  Kozinslci  during  a  study  of 
replication  DBA  of  T4  phage  ^467*  In  particular  he  demonstrated 
that  during  multiplication  paage  DBA  forms  a  specific  complex  with 
the  protein  which  existed  in  the  cell  prior  to  infection.  In  5-6 
minutes  after  infection  the  DBA  in  this  complex  displays  many  new 
properties:  it  is  circular,  has  somewhat  groater  dimensions,  and 
possibly  is  partially  denatured. 


Finally  the  replication  forms  of  RHA-containing  viruses. 
i-Iontagnior  and  Sanders  /J*fJ ,  while  studying  the  multiplication  of 
the  virus  of  cncophaiomyocaraiti3  in  a  culture  of  Krebs-2  cells, 
demonstrated  that  the  main  mass  of  viral  RITA  has  a  sodimontation 
constant  of  57S  and  the  structure  of  a  single  polynuclootide  chain. 
However,  there  was  a  small  fraction  of  RAA,  the  amount  of  which 
reaches,  a  maximum  by  6  hours  after  infection  with  a  sodimontation 


8. 


-  ^  V.*-  u* i^w^2uu;4w^  VV  4  U  t/^M  W  >v>HV»VVb« 

.iolocular  wo igbt  tuinod  out  to  bo  equal  to  d.7»10b,  i,o.,  triple  th© 
molecular  of  -IMA  from  virus  partial ©s  •  bolting  temperature 

*•  f\  1  i..  *•  ;  ,•  ,  . . O 

«<W*Vi,  HW«U  # 

Similar  properties  v;ore  possessed  by  the  replication  fori;*,  or 
*n.A  xT&iu  x iiw  po jlx. w.'..y<v  j. i o  xo  virus  ^  *o ,  • 

The  moot  accurate  findings  concerning  the  properties  and  methods 
of  formation  of  replication  Terms  of  nucleic  acids  for  RKA-c onta ining 
viruses  wore,  obtained  by  Y/e  iceman  and  associates  /bO-52/ •  During  a 
study  of  the  multiplication  of  the  RiYA-c  ont  a  ining  HS2  phage,  which 
was  labeled  with  they  demonstrated  that  in  6  minutes  after  in¬ 

fection  an  Ri;A  fraction  emerges  which  is  resistant  to  RKAse:  the  con¬ 
tent  of  this  fraction  reaches  a  maximum  by  the  15th  minute,  when  15£» 
of  RuA  -  ?o2  becomes  resistant  to  the  action  of  R&Aso,  then  tho  amount 
of  this  fraction  decreases*  The  melting  temperature  of  this  replica¬ 
tion  form  is  102°  in  0,15  1.1  ITaCl  and  0*015  U  citrate.  After  heating 
up  to  tho  specified  temperature  and  a  subsequent  rapid  cooling  a 
sensitivity  to  RA'Ase  appeared*  Tho  floating  density  of  tho  replica¬ 
tion  for:r;  in  CsoSGn  is  0.02  units  lower  than  for  R2IA  of  the  IrIS2  phage* 
After  thorral  denaturing  with  annealing  in  the  presence  of  phage  RilA 
a  produce  was  formed  which  possessed  tho  properties  of  the  replica¬ 
tion  form* 

• 

In  addition  to  exporinen t3  in  vivo,  the  authors  made  attempts 
to  obtain  a  similar  replication  form  in  vitro*  Preliminarily  it  is 
necessary  to  note  that  from  coils  which  were  infected  with  RAA-con- 
tainiag  viruses  it  wa3  possible  to  isolate  tho  ensyme  RKA -synthetase, 
which  carries  out  tns  synthesis  of  KYiA  on  matrix  RHA.  The  emergence 
of  such  an  ensyme  v;as  demonstrated  in  tho  cells  of  mammals  /^8,  49/ 
and  bucweraa  /o2 ,  So/ » 

It  was  revealed  that  RilA -synthetase,  which  is  present  only  in 
infected  colls,  is  obligatorily  associated  with  the  replication  form 
Oj.  ..He.  — . .  systems  an  viuro  carries  out  the  synthesis  of  both 
doublc-throau  and  single-thread  FUA  from  nucleotido  triphosphates 
without  the  addition  of  an  exogenous  matrix  •  V/eissraan  33 
propc^jww  w* * *— ■  ^  *n  vivo  unxs  process,  xoO«,  the  above—  mentioned  syn— 


xS 


ind  tho  conversion  of  parent  REA  into  the 


replication  form  is  primary.  The  realisation  of  this  primary  phase 
takes  place  with  the  help  of  an  enzyme,  the  naturo  of  which  has  still 


not  be. mi  clarified* 


To  clear  up  whether  or  not  both  chains  of  the  replication  form 
are  synthesized  uo  novo  or  if  one  of  them  is  parent,  V.'oissman  JJ>2J 
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a r ! c  a  •  * *a0  (/vu4>i/*  on  «y* »v»  w  u»u  i  Ga<>.4.  i/^on  o*  a  clou o x  ^  x *cx  i^v  ox» a i » *o  c  i> o * w o 
S1.C.CQ  by  ..;ounc  of  a.  yolynv.clcooido  chair,  tv;  ice  in  j  around  itself  is 
confirr.aa  ty  "hie  fact  that  tho  i.iolcc'ilar  ’.,-ciyht  of  tuo  replication 
forv.1  of  hlli  of  the  cnccohnlo:  vyocaraitio  virus  turned  out  to  equal 
o*7*10^^  ana  m  t^e o  ca^*e  or  t^-rtc  —  ny  around  dwC..  x ^  s xiOUj. d  no u 
ehars-o,  i,o  *y  or.ccad  2»1C^*  1'ho  at:.'uceuro  of  tno  replication  font 
ie  cii.kilar  to  che  cGiv.cturc  or  double -helix  reovirue  hiiA  /y^7 • 

.j  nucleic  acid  of  the  parent  particle  has  u  strictly  specific 
s 0 c^.k v/ . ivi  vv  o*  p.x a  ~  d o l  a.c. n k<  /  j  c o  uc  1  *c  ~  j  •  lix  Oiii. G  CdwG  i/**o  Aii* » « x y 
s vr/u ^  . ued  sccoiid  uolyr*uclcotido  chain  of  tiio  replication  form 

u*aOU _ _  ....Cu-Vd iy  Uv.ve  a  soouca~aCC  wxaXCaI  compxcjnoA’ies  x  ^  i«c  •  >  an 

ar*ti£wwuiice  /“C-)  £oquonce7*  for  cxcocplo,  if  the  (-;-)  chain  r*as  tno 
socpuouee  *k*A'>  .  fi  4»  cue n  c no  ^  •  /  cha »<ill  i*u*v  o  u**u  so^ucncc  uuditC  «  ^ 

would  sec-Ti  c.a  further  synthesis  cf  s inaie -helix  chains  could  tu;;o 
pl  a  co  on  oi  g,  0 «-  •  o  *  o  a  co  ^  o  a  ^ic  *j  ox  ropl^CkX  w  p  Caa  x  o  r aia  •  x/ut  x  Oa 
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For  antitoca^nco,  i.t.,  for  (-)  eh  ii:.  thoiu  ia  alto  the  possibility 
of  sy./.'-hwSit  of  viral  hi  A ,  i,o . ,  t-a,  iv)  cxitt  A»i ,  stnee  only  m  this 
case  t.u.._  0.^^  .  ■  O—  r.ucxvO l> luco  ^.n  x o  cOiiro^.u*.u  co  v xi'Al , 
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feasible  means  of  replication  of  nucleic  acids  in  lillA -containing 
viruses . 

(a;  initial  hi.-,  of  virus;  (b)  he plication  for;,;  (i?) . 

The  first  possibility  is  that  fro:.:  or.o  r-.oiocuie  oi'  tho  initial 
Vax*—..  i*k i , ,  ox.e  ;..G«0CuSt  o.  oho  So (jx .c^it .gi;  lor,.  a..  formed,  anci  on  its 
(-)  c»..>  an  a  yreat  nunser  os  no  s«  culo  s  of  varal  xn.A  as  synthesized, 
i  ,o . ,  a  iT;  one. an.  . ;  /..ever,  mis  as  not  very  probable  il  j-c  as  tauen 
into  esnt iusration  a, ml  for  one  noiccuae  of  tna  replication  fora 
thciv  .._'c  si::  ;.-.olcoulcs.  of  virul  since  It/,  of  tne  viral  h*./.  in 

v..c  c  — .  ^  . .'CSawu*-.*.^  vO  .,;So  .  iwiO.so r  ossao....au y  is  tx  *a t  a . tc* r 

t,,^  .or,.. at  _o.a  o.  one  ndccuxc  oj.  tno  r  '4'S.Oa.io x*  AOr;c  on  ..t  tfxore  is 
tile  sy.jcxies  -.s  j  An  .tw  ,.n^» . .  - r  o  .  ij.>a j  o.  «  .  .rlc  .Xj,  s ix  .c  no,  a oo r  of 
such  replication  fonts.  Then  ouca  of  the  replication  forms  either 
d-csoc antes  s.xto  .-**y  ana  v“/  c.m .as ,  i/iixc.i  as  nor dly  possible  since 
11  tl.e  (-)  chains  cannot  enter  into  tuo  combos  at  ion  of  the  newly 
orn.od  vir-1  particle,  or  only  (v)  chains  arc  synthesized  on  these 
o  pl  aC  a  t  a  .a  .  or.  ss  •  a  no  t  *  -  a1  d  pa  sn  also  se  y — no  s  .ta  t  x.o  » f  oma  t  ion  o  a 
a  uniepic  r.ioaeeule  of  tho  replication  form,  or.  which  only  (+•}  chains 
are  ;  j  a  .ac;  .zm.  s.  —  ,,c  ^  ^  o.p.c  .tiy  ox  u.xs  replication*  iorm  for  v.xo 
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„  co.-'  _sbs  -  -m  v.o  f.-,csc  Questions  as  yiven  in  tuo 

i. :  y  j.  et  1 1*  xj A 1  t‘vv  ex  .  I  *. *.  .  « 

follov/any  system  of  t'^pl. icalion  of  nl.A-eonl.. inlay  viruses  •  Tho  initial 
t'c.  r  o  n  t  ?.  .I  ca?iVu.;  -m .  . . .  c  ux.  xc  a  u*.c  x,  j.o  **., .  x  /  o .  xo  x  .  ..o  .  xon  o.  in a  or  * 
nation  I  "A.  A,  proyra.aciny  tne  synthesis  of  capsid  protoim,  and  2)  tile 
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function  c.1?  induction  of  th-~  formation  of  on©,  and  po c. ibly  tvro , 
BAA-synths*.  xsi:;.-.  on::y...cjs.  fiiv  •  >y*ront  ; is  converted  into  a  double - 
ho  lire  ropliee  tie:-:  form,  on  v/tii  .;h  the  sy:;  the- sis  oi*  daughter  molecules 
of  Kj&  tak.’c-  vlwi:;:  in  an  asymmetric  Ciaaie^nsorvativo  j/attcru,  i*©*, 
wiioi^c  «mJ  > ^ _  .4  r<  j^iciiOwAa  ox  t~#“  ^  on  tno  ^ *• )  Cix£».^«x.  o..  tlxO 

replica  tio.v  form  (asymmetric  nature  of  synthesis)*  wov/ly  formed  (+•) 
chains  dislodge  the  parent  aouecule  from  the  replication  form  (semi- 
conservative  nature)*  The  question  of  hov:  (-)  chains  are  synthesized 
and  utilised  rcraair.s  unansv;ercd. 

An  anal,  a  is  of  the  above-listed  peculiarities  in  the  structure 
of  nucleic  aoads  of  both  quiescent  and  vegetative  viruses  at  the  given 
stage  aoes  not  make  it  possible  to  draw  specific  conclusions  concern¬ 
ing  the  significance  of  these  peculiarities  in  individual  stages  of 
virus  multiplication*  Further  investigations  are  nocessare  for 
clearing  up  the  significance  of  anomalies  in  the  structure  of  viral 
nucleic  acids  in  the  process  of  interaction  of  the  virus  with  the  coll 
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